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Motivation

U Experiments with polarized beams have been and remain a
crucial tool inunderstanding@article and nuclear structure
and reactions from the firgrinciples

U Knowledge of thespinorientation is necessary for a
complete description of the dynamical partisiate

U Polarizedbeamsnable searctor new physics beyond the
Standardviodel with highprecision

U Study of the nucleogpinstructure is one of the main goals
of the modern nuclear physics

We present th&pin Transparency methodfor precisecontrol
of the longitudinal and transverse polarizationsollidersand
storage rings
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Spin Transparency S T) method

The ST concepts basedn the use of a ring structure where the
magnetic elements return an arbitrarily-directed spin to its
original orientation after a single particle turn around the
collider, i.e.the structures transparent to th&pin.

In the ST mode, the particles are technically in the region of a sj
resonance (ST resonance) where the spin motion is highly
sensitive to small perturbations in magnetic fields. This allows fc
flexible control of the polarization direction by Spin

Navigators (SN) based on weak fields.

For stability of the spin dynamics, the spin effect of the
navigator fields must significantly exceedhat due to
imperfections and misalignmentf the collider elements as
well as the effect due to the orbital beam emittances.
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Examples of ST rings

n A figure-8ring provides ST mode
at arbitrary energy for any particle
species.

A racetrack ring with two identical

Siberian snakesprovides ST mode at
arbitraryenergy

NICA(JINR) - protons, deuterons
RHIC (BNL) - protons.

A racetracking withoutsnakes provides ST
modeat certain energies corresponding to
Integer spinresonances

COSY (FZJ), Nuclotron (JINR) -protons
RHIC (BNL) - deuterons.
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Spin Navigator based on two weak solenoids
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, hif, arethe SNsolenoidfields,
Z1s themagnetic rigidity,
hy +is thespin navigator tune,
¥, A Isthe spin rotation angle between the wsalenoids,

) Isthe orbit rotation angle between the wesakenoids,
IS the desired angle betwetrespinandbeam velocity it he c ol | |

For maintaining the navigator tune, the requifietd integrals of the
solenoidggrow proportionally to the beam momentum

A field integralof up to 10 Ttm is sufficient to controproton anddeuteron
polarizationan the momentum range ap to 100GeV/c

SPIN2021 Y. Filatov. Spin Transparency Method for High Precision Experiments with §)

\m? Polarized Beams, Matsue, Shimane Prefecture, Japan, 19 October 2021
o



Spin Navigator with two helical magnets

The net spin rotation axis of a helical magnet with a small field integral
practically longitudinal. This allows faeplacement of solenoids with
helical magnetsin SN designs fohigh energies

hi w9 8 d0 =05m, 0 =15m,0 =3.1m,6 =0.3T,6 =1.0T

-B, | 1—Twist Helix Dipcnle,' Bhix B, |

The transverse closed orbit deflectimesnot exceed 2nm at 20 GeV/c

A transversdield integral of1.8T L. per magneis required
Independentof the beam energyfor’ = 0.01.
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ST Resonancespin Field

The ST resonancespin field 5
1 77 h
A thecoherent part of the STresonance field” s related to
magnetimperfections andnisalignments
A theincoherent part of the ST resonance figld has to do

with betatron andynchrotron particlescillations and is
proportional to the orbitddeam emittances

In practice, the coherent part of the ST resonance strength
significantly exceeds the strength of thexcoherent pard -y ; -

| L 1

The field ©-j; does not lead to depolarizatiorof thebeam.
It only coherently rotates the spins about an a priori unknown

direction” by an angle ¥
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Spin Stability Conditions

Thespin tuné Induced by the SN mustgnificantly exceed
the STresonance strength
R

In the ST mode at integer spin resonancesne must consider the
constraintsmposedon the navigator fields by synchrotron
oscillations, which cause satellfesonances

'krfo Q& h 1 7Y,
where’ is the synchrotron tunglis the relativistic factor averaged
over the synchrotron oscillationd is the energy spread, afd is
the satellite spin resonance number.

Implementatiorof theadditional condition

L TA@R)
overcomesthe effect of satellite resonanceson the spin dynamics
HereY  "Of isthespintunespread

SPIN2021 Y. Filatov. Spin Transparency Method for High Precision Experiments with 9

\m? Polarized Beams, Matsue, Shimane Prefecture, Japan, 19 October 2021
o



Experimental verification of ST mode in RHIC
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CONCLUSION Polarimeter

A new mode of RHIC operation with a polarized proton
beam, a transparent spin mode. has been proposed. It offers
new opportunities for manipulation of the proton polariza-
tion at any location in the collider. BNL’s RHIC has all of
the necessary components for an experimental test of the |@&Y « Snakes — > @B
new mode. Potential experimental scenarios have been pre-
sented. Experimental parameters are being developed [15].
The experiment will validate the TS concept as a new tool
for polarization preservation and control in the existing and
future synchrotrons.

. title of the work, publisher, and DOI
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ST modeat integer spin resonances
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Highlights from Conclusion

A Use of the ST mode presentardque opportunity to control the
deuteron polarization in RHIC where application of full Siberian
snakes and strorgpin rotatorss notpractical

A The proposedpin navigator is universaland can beised tacontrol
the polarizations of deuteron, proton andnhelium-3 beams in the
ST modes of the existing afisture machinesuch as NICA, EIC,
EicCin China, and COSY in Germany
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Experimental verification of ST mode at COSY
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